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ABSTRACT: The present study was conducted in different areas of Lahore city with objective of 

assessing the quality of ambient air. Samples were collected from selected locations of Lahore and 

were analyzed for particulate matter (fine and course). Air monitoring equipment was used for 

measurement of other gaseous pollutants. For data analysis, statistical means were estimated and 

compared with Punjab Environmental Quality Standards (PEQS). Results showed that gaseous and 

particulate pollutants in ambient air were higher than PEQS in all study sites. Highest levels of target 

pollutants were found as CO 17.53 mg/m
3
 (railway station), NO 45.87 ug/m

3
 (Thokar Niaz Baig), NO2 

88.56 ug/m
3
 (Lahore Fort), SO2 129.31 ug/m

3
 (Thokar Niaz Baig), PM10 156.17 ug/m

3
 (Lahore Fort), 

PM2.5 45.85 ug/m
3
 (Railway Station) and O3 133.41 ug/m

3
 (Thokar Niaz Baig). Levels of air pollutants 

were higher because of industrial and vehicular emissions. This study can be useful to improve 

environmental conditions of industrial estate by reducing level of particulate matter and controlling 

methods for industrial pollution. There is need to raise environmental awareness regarding ambient air 

health effects among people.  
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INTRODUCTION 

 Pakistan is developing country and facing 

different environmental issues including climatic 

changes, air pollution, winter smog, water pollution, land 

degradation and soil contamination. There is significant 

variation in anomalies of maximum temperature 

(Khurshid and Nawaz, 2022) and precipitation (Ghafoor 

and Nawaz 2020) in different cities (including Lahore) of 

Punjab province. Problem of land use changes and 

decreased forest areas has also been found (Ahmed et al. 

2021a; Ahmed et al. 2021b). Hazardous chemicals enter 

in the environment by a number of anthropogenic and 

natural activities; it causes adverse effects on 

environment and human health. Burning of fossil fuels 

and the depletion of natural resources is responsible for 

the progressive change in atmospheric composition 

(Nawaz et al. 2012; Gutti kunda et al., 2010). 

 Air pollution is an increasing threat to both 

human health and ecosystem that requires practical 

remediation. More specifically, particulate matter has 

now become a global and regional problem than a local 

problem. In particular, fine particles have the long-term 

ability to present in atmosphere (many days) and they can 

travel a long-distance (Leonard et al., 2016). Air 

pollution is a rapidly growing environmental problem in 

Pakistan. Long term exposure of particulate matter has 

increased mortality rate because of cardiovascular and 

pulmonary diseases in USA (Hoek et al., 2002). Carbon 

monoxide (CO), sulfur dioxide (SO2), nitrogen oxides 

(NOX), volatile organic compound (VOC), heavy metals 

and particulate matter all these air pollutants differ in 

their chemical composition, reaction properties, emission, 

time of disintegration and ability to diffuse short and long 

distances, air pollution has chronic and acute effects on 

human health and cause different types of diseases like 

cancer, tuberculosis, hepatitis, athematic problems and 

cardiovascular (Kampa et al., 2008). 

 From 1990 to 2020, It has been found that there 

is 156% increase in population of Lahore. There is 

increase in built-up area by 57%, decrease in green cover 

by 21%, decrease in open area by 42% and decrease in 

58% in water bodies (Shah et al. 2021). There is problem 

of unhealthy to hazardous Air Quality Index (AQI) and 

poor air quality in Karachi and Lahore according to Multi 

Pollutant Index (MPI). Deterioration of air quality has 

been observed in Karachi and Lahore due to industries 

and increased number of vehicles (Nawaz et al. 2022). 

Industrial emissions, excessive amount of vehicles and 

construction or development is disturbing heavily 

ambient air quality which results into diseases i.e. 

asthma, lung cancer, bronchitis, skin cancer, eye irritation 
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and cardiovascular problems. As the climate change has 

been global challenge to the humanity. Temperature 

variation and air pollution is also a giant challenge in 

present era and for future in Pakistan. Despite a wide 

array of studies on air quality assessment in Pakistan 

there remains a vast gap on this discussion. The main 

objective of this research project is to find out level of 

gaseous pollutants and particulate matter in ambient air in 

selected sites in Lahore city. 

METHODOLOGY 

Study Area: The sampling of ambient air was carried out 

in selected areas of Lahore. Environmental monitoring 

laboratory of Green Engineering Consultants was used 

for sampling and analysis.  

Study Parameters: Ambient air quality monitoring was 

carried out in selected areas of Lahore to assess the 

ambient air quality. The average concentration of 

pollutants (CO, NO, NO2, SO
2
, CO2, PM10, PM2.5, O3) for 

five different locations was estimated. The observed 

concentration for each parameter was compared with 

PEQS. 

Field Survey for Monitoring: The ambient air quality 

was assessed in the selected areas of Lahore. For 

determination of particulate matters (PM2.5 and PM10) in 

different locations, High Volume Sampler (HVS) was 

used for sampling. Fiber filter papers were used in the 

sampler for the collection of particulate matter (PM). A 

known volume of air was drawn through sampler for 

sampling. Air monitoring equipment was used for 

measuring other gaseous pollutants. 

Reference Methods: Standard or reference methods 

prescribed in the published literature were used for 

sampling, onsite monitoring, mathematical calculations 

and laboratory analysis regarding various environmental 

parameters (table 1); 

 

Table 1: Study parameters and standard method used 

for monitoring 

 

Sr. 

No. 

Parameter Standard Method 

1 CO 
USEPA Designated Method RFCA-

0981-054 

2 NOx 
USEPA Designated Method RFNA-

1289-074 

3 SOx 
USEPA Designated Method EQSA-

0486-060 

4 O3 UV non-dispersive 

5 PM2.5 40CFR50, App. J(US-EPA) 

6 PM10 40CFR50, App. J(US-EPA) 

Data Analysis: The monitored data was analyzed using 

MS-Excel. Mean and standard deviation were estimated 

and bar charts were generated by using Microsoft Excel. 

Results for all parameters were compared with PEQS. 

RESULTS AND DISCUSSION 
 

Carbon Monoxide: Figure 1 shows the average 

concentration of CO in ambient air at different locations 

of Lahore in comparison with Punjab Environmental 

Quality Standards. The average concentration of CO was 

found high at every point as compared to the PEQS. The 

higher concentration of CO level indicates the polluted 

air quality of Lahore as results shows in graph (Fig. 1). 

 

 
Figure 1: Level of CO in selected areas of Lahore 

 

Level of NO: Figure 2 indicates the average 

concentration of NO in ambient air at different locations 

of Lahore in comparison with Punjab Environmental 

Quality Standards value for NO. The average 

concentration of NO was found high as compared to the 

PEQs limit. The higher concentration of NO level 

indicates the polluted environment of Lahore because of 

high industrial and vehicular emissions as results shows 

in the graph (Fig. 2). 

Level of NO2: In order to access the ambient air quality 

level in Lahore, NO2 concentration was monitored and 

average was calculated for each selected location. The 

comparison of monitored and observed NO2 values is 

shown in graph. Graphical representation shows high 

concentration level of NO2 in Lahore as compared to the 

acceptable PEQS standard for NO2 as shown in figure 3. 

Level of Sulfur Dioxide: SO2 concentration was 

monitored for selected locations of Lahore and average 

calculation shows the higher SOx level in air as compared 

to the standard value of SOx according to PEQS. The out 
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of limit values of SOx indicating the polluted air of 

selected locations. Graphical representation of measured 

SOx value with the PEQS is given in the graph (Fig. 4). 

SOx is one of the major pollutants that deteriorate the 

environment and human health (Nasir et al. 2021). 

 

 
Figure 2: Level of NO in selected areas of Lahore 

 

 
Figure 3: Level of NO2 in selected areas of Lahore 

 
Figure 4: Level of SO2 in selected areas of Lahore 

 

Course Particulate Matter (PM10): Figure 5 shows the 

average concentration of PM10 (µg/m
3
) for five selected 

locations in Lahore. The observed level of particulate 

matter shows high PM level in air of Lahore as the 

monitored values are out of limit according to Pakistan 

Environmental Quality Standards for ambient air. The 

comparative study was done for each location with PEQS 

values as shown in graph (Fig. 5). Air pollution has 

severe health issues particularly lungs-related diseases 

(Farooq et al. 2020; Khan et al. 2016; Hoek et al., 2002). 

 

 
Figure 5: Level of PM10 in selected areas of Lahore 
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Fine Particulate Matter (PM2.5): Figure 6 shows the 

average concentration of PM2.5 (µg/m
3
) for five selected 

locations in Lahore. The observed level of particulate 

matter shows high PM level in air of Lahore as the 

monitored values are out of limit according to Pakistan 

Environmental Quality Standards for ambient air. The 

comparison of observed values of PM2.5 was done for 

each location with PEQS as shown in graph (Figure 6). 

Fine particulate matter (PM2.5) with the annual average 

concentration of 55.9 ug/m
3
 contributes 24.17% and 

31.41% attributable-proportion (AP) to all-cause 

mortality and Chronic Obstructive Pulmonary Disease 

(COPD) in adults of age 30+ (Malhi et al. 2022). 

Attributable proportion of 9.9% and 13.8% to lung cancer 

mortality has been found due to year-long concentration 

of 27.3 µg/m
3
 of PM2.5 in adults aged 25+ and in adults 

aged 30+, respectively (Nasir et al. 2022). 

Ozone (O3): Ozone (O3) level measured for five selective 

locations of Lahore shown in figure 7. The observation 

indicates the slightly higher concentration of ozone in 

ambient air as compared to the existing PEQS limit of 

ambient air for O3 concentration. The comparison of 

PEQs of O3 for ambient air and measured values of O3 is 

shown in figure 7. 

 

 
Figure 6: Level of PM2.5 in selected areas of Lahore 

 Urban ecosystem should be maintained and 

green belt should be developed along the roads. Local 

tree species play key role to mitigate the problem of air 

pollution due to their air pollution tolerance index 

(Nawaz et al. 2023; Irshad et al. 2020). Public awareness 

should be raised to use public transport in the city. There 

is significant reduction of greenhouse gases due to use of 

public transport as compared to private vehicles (Shah et 

al. 2020).  

 Institutional and regulatory measures exist but 

their effective enforcement is the main problem. There is 

also a need for the involvement of stakeholders in the 

formulation and amendment of standards and relevant 

policies. Additionally, linkages and roles of the national, 

provincial, and local level institutions should be clearly 

and firmly stipulated as to avoid overlapping of roles and 

to ensure coordination and cooperation”. Raising 

awareness and seeking cooperation of NGOs and public 

at large in enforcement is also crucial. 

 

 
Figure 7: Level of O3 in selected areas of Lahore 

Conclusion: This study was conducted to assess the 

ambient air quality in five selected areas of Lahore. It is 

clear from the results that level of some pollutants is 

higher because of industrial and vehicular emissions in 

urban areas. All pollutants were found higher than PEQS 

in all the study areas of Lahore. Institutional and 

regulatory measures exist but their effective enforcement 

is the main problem. There is also a need for the 

involvement of stakeholders in the formulation and 

amendment of standards and relevant policies. 

Additionally, linkages and roles of the national, 

provincial, and local level institutions should be clearly 

and firmly stipulated as to avoid overlapping of roles and 

to ensure coordination and cooperation. Raising 

awareness and seeking cooperation of NGOs and public 

at large in enforcement is also crucial. There is need to 

develop and improve air monitoring in congested areas of 

the city. Air quality management capacities should be 

enhanced. There is need to develop emission control 

strategies. Measures should be taken to control open air 

burning in urban areas. There is need to switch from non-

renewable energy to renewable energy potentials. Further 

research should be conducted to find out the possible 

sources of these pollutants. 
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This paper is extracted from research thesis of first author 
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